Abstract-The purpose of this study is to develop a mobile robot which is able to be guided by a light source illuminated on the horizontal surface. The robot is equipped with light dependant resistors to detect the spot of light illuminated by the light source which has higher light intensity than the ambient lighting. In particular, we investigated the voltage response of the light dependant resistor given various positioning of the device on the mobile robot and verified the experimental data with the lux meter reading. Results show that the detection distance is a strong function of the facing angle of the light dependant resistor and detection distance for the robot is 50cm for facing angle of 0 degrees.
INTRODUCTION
A mobile robot has many essential characteristics namely sensors, movement, decision making capability and energy supply to power on the equipped features. A robot has to be able to sense its surrounding through light sensors, audio sensors, chemical sensors, radar, sonar, touch and pressure sensors and others, process the signals and react accordingly to the stimulus [1] . Light follower robot is a type of mobile robot which moves based on the guidance of high intensity light spot illuminated on a surface [1] [2] [3] . The basic principle of this mobile robot can be similar to laser guided missile [5] .
In a larger family of guided mobile robot, the guidance source and receiver can be from radio frequency transmitter and receiver [7] , light emitter diodes (LEDs) and camera [6] , illuminated light source and photodiodes as receiver [1] , position broadcasting using wireless modem [8] , intelligent space equipped with sensors broadcasting information to the mobile robot [9] .
In this paper, we developed a mobile robot which is guided by the illuminated light source on a horizontal surface (light following mobile robot). LDR devices were used to detect and discriminate the illuminated signal from the ambient lighting. As opposed to work in [1, 2] , extensive study has been conducted to determine the optimal positioning of the LDR devices on the mobile robot and the experimental result has been validated with the data from lux meter reading. We implemented a greedy algorithm where the mobile robot always chooses to move in the direction of the sensor sensing the greatest light intensity [6] .
The paper is organized as the following. In section 2, the hardware overview and the algorithm for the mobile robot will be presented. The study on the positioning of the LDR devices on the mobile robot and experimental results will be described in Section 3. Finally the conclusion will be presented in Section 4.
II. HARDWARE AND SOFTWARE OVERVIEW FOR THE MOBILE ROBOT
The mobile robot is designed to be able to detect illuminated light on the horizontal surface which has higher intensity than the ambient light. There are two subsystems involved in the design which are the hardware (electrical circuits) and the software (intelligence) which will be described in this section.
A. Hardware Specification
Block diagram in figure 1 shows the overview of the hardware for the mobile robot. There are 4 LDR devices which act as inputs to the microcontroller and 2 stepper motors driven by the stepper motor driver which operated as outputs respective to the microcontroller. We have chosen PIC16F887 as the microcontroller which has been commonly used in various embedded design projects [10]. Four LDR devices feed the state of the light intensity of each side of the robot body (front, back, left and right) as an analog signal to the microcontroller. LDR is basically a variable resistor where the resistance varies with the intensity of the light. The higher the light intensity the lesser its resistance, i.e, high and low resistance in dark and bright condition respectively.
The stepper motors are controlled by the microcontroller through the stepper motor driver, ULN2803 [11] . The driver drives the stepper motor with a higher voltage than the microcontroller voltage supply. As the stepper motors move through a fixed angle, the microcontroller sends sequence of predetermined bits through the driver to the motors. Figure 2 shows the flowchart for the decision making of the mobile robot. There are eight cases for the light illumination considered in our design. From our analysis, we have found the optimal threshold value for the LDR device such that it can discriminate the illumination from the ambient light for a given detection distance. Generally, the threshold value for the first 4 cases (single LDR sensing) in the flowchart is much higher than the last 4 cases (coupled LDR sensing). The key reason for having 2 threshold voltages for sensing and coupled DR sensing cases is because for a given sensing distance, higher illumination is detected for the single LDR sensing as compared to the coupled LDR sensing. This can be visualized from the perspective of trigonometric distance for the LDR devices. The other thing to note is that the algorithm is a greedy algorithm in the sense that the mobile robot always chooses to move in the direction of the sensor sensing the greatest light intensity. The benefit of this approach is that it allows the robot to move towards the light quickly but it may cause oscillation movement in the trajectory of the robot.
B. Software Implementation

III. LIGHT DEPENDANT RESISTOR DEVICE STUDY
In this section, we discuss the analysis conducted to study the voltage response of the LDR devices given various positioning parameters on our mobile robot. The objectives of this analysis are to determine the best position for the LDR devices on the mobile robot and investigate its detection capacity in distinguishing the illuminated light from the ambient light.
The LDR devices positions are the height of the LDR devices from the horizontal surface (measured in cm), the facing angle of the LDR device to the illuminated light on the horizontal surface (measured in degrees) and the distance between LDR device with the light source (measured in cm) as shown in figure 3 . For the facing angle, we assume that LDR facing downwards to the horizontal surface as 0 degrees. In this paper, we consider the light following mobile robot operating in an indoor environment where the ambient lighting is the standard lab lighting. The robot operates on the mounting board as the surface floor. The source for the illuminated light on the mounting board surface is a regular 1W round-shape torch light producing fairly localized beam which was positioned 53.5cm from the surface to simulate a medium height man holding the torch light.
For the LDR sensor circuit construction and measurement, we connect a 10kΩ resistor in series with the LDR device and measure the voltage across the 10kΩ resistor. The circuit setup works as a voltage divider given by the equation (1) .
The voltage was measured using a multimeter and the measurement was repeated three times to get the average value. Four experiments have been conducted and for each experiment, 2 lighting conditions were considered, ambient light with illuminated light from the light source (with light source) and ambient light only (without light source). The latter condition is established as the baseline reference. For the first three experiments, the trend of the measured data was validated with the readings collected through the lux meter. Note that, te lux meter reading is in lux unit.
A. Response of the voltagedrop to the height of the LDR from the horizontal surface
To study the voltage drop response of the LDR to the height of the LDR from the horizontal surface, the distance between LDR and light source is fixed to 40cm and LDR facing angle is fixed to 0 degrees. Figure 4 and 5 shows the response of the voltage drop and light intensity as measured at the LDR and the lux meter respectively. As we increase the height of the LDR and the lux meter, the LDR voltage drop and lux meter reading increases due to these light sensitive devices are exposed to more lights. This is true for both with light source and without light source condition. 
B. Response of the voltage drop to the distance between LDR and the light source
To study the voltage drop response of the LDR to the distance between LDR and light source, the LDR height and facing angle is fixed to 3cm and 0 degrees respectively.
As we can see in figure 6 and 7, a sharp decrease trend happening in both voltage drop and the lux meter reading between 10cm to 20cm distance for with light source condition. The farther the distance, the lesser illuminated light can be captured the LDR and lux meter resulting in decrease in voltage drop and light intensity. For without light source condition, both voltage drop and lux meter reading is showing constant value. When the distance is more than 70cm, both voltage drop and lux meter reading drops to the value of the ambient light, which suggest the maximum detection distance for the illuminated light in this case is less than 70cm. 
C. Response of the voltage drop to the facing angle of the LDR towards the light source
To study the voltage drop response of the LDR to the facing angle of the LDR towards the light source, the LDR height and distance between LDR and light source is fixed to 3cm and 40cm respectively.
In figure 8 and 9 , as the facing angle increases towards the light source, the voltage drop and lux meter reading increases as both devices are exposed to more lights for both with and without light source conditions. Figure 10 shows the result of voltage drop measurement over the sweeping of distance between LDR and light source for different angle. In this experiment, the height of the LDR is fixed to 3 cm. Here, we calculated the normalized difference between with light source (wlc) condition to the without light source (wolc) condition as described in the equation (2) .
D. Detection capacity in distinguishing the illuminated light from the ambient light
This calculation metric suggest that higher calculated value implies higher detection noise margin of the LDR. Higher LDR detection noise margin suggest that the mobile robot can still make a correct decision with a perturbation in the ambient light. At lower distance (<10cm) For distance larger than 50cm, the calculated metric is equal or less than 0 suggesting that detection could not be done reliably a that region. On the other hand, in order to detect illumination at exactly 50cm distance, facing angle of 0 0 should be employed as it achieved the highest detection noise margin comparing to other facing angles. 
IV. CONCLUSION
In this paper, we have presented our development work on the mobile robot which is able to be guided by a light source illuminated on the horizontal surface. We have shown our thorough analysis on the LDR as the sensor for this robot and determine the detection capacity of this sensor. Based on our experiments, the best placement for LDR sensor on the robot to achieve detection distance of 50cm is 3cm height from the horizontal surface and 0 degrees of LDR facing angle.
